Introduction
Supramolecular reactivity has advanced over the past decade to include a number of supramolecular host molecules able to catalyze chemical reactions within their interior cavities. [1] [2] [3] [4] [5] While stoichiometric reactivity has produced remarkable examples of both enhanced selectivity and changes in reactivity, [6] [7] [8] [9] [10] [11] [12] [13] [14] product inhibition has often prohibited catalytic turnover. 7, 12, 15 In order to abate this problem, a number of strategies including changing the substrate or relying on further reactivity of the product following escape from the cavity, have been employed in order prevent re-encapsulation of the product. 16, 17 In contrast to transition-metal catalysts or organocatalysts, supramolecular catalysis does not necessarily employ covalent interactions between the substrate and host molecule.
This has yielded valuable information on how weak interactions can work in concert to affect reactivity.
Although electrocyclic reactions received much early attention in studies of supramolecular reactivity, due to the ability of the cavities of synthetic hosts cavities to preorganize substrates in reactive conformations or to increase the effective concentrations of the reactants in the cavity of the molecular hosts, 18, 19 other types of reactivity have more recently been explored. For example, a number of supramolecular host molecules have been utilized to affect the hydrolysis of substrates in their interior cavities. The alcoholysis of alkyl halides has been accomplished with size selectivity with assemblies able to concentrate solvent molecules inside of their interior cavities. 20 Similarly, β-cyclodextrin has been used to catalyze the hydrolysis of acetals at neutral pH. 21 Furthermore, the simple modification of cyclodextrins has been explored to change the guest binding preferences and acidity of pendant hydroxyl groups on the periphery of the cyclodextrins. [22] [23] [24] [25] These functionalized cyclodextrins are active catalysts for the hydrolysis of encapsulated glycosides near physiological pH. Depending on the substrate, pH, and cyclodextrin functionalization, rate accelerations of up to 8000 have been observed with respect to the background hydrolysis reaction. 26 Over the past decade, Raymond and co-workers have used the strategy of self- Figure 1) . 27, 28 Although 1 is water-soluble it maintains a hydrophobic interior cavity able to isolate encapsulated guests from bulk solution. 28, 29 Monocationic guests are preferentially encapsulated in 1 but neutral hydrophobic guests are also bound. 30 Although isolated from bulk solution, encapsulated guests are able to exchange into and out of 1 by dilation of the 3-fold symmetric apertures of the assembly. 31 The host assembly 1 has been used to mediate both stoichiometric and catalytic organometallic reactions and has been used as a catalyst for the sigmatropic rearrangement of enammonium cations. 16, 32, 33 Furthermore, the protonation of encapsulated guests has been investigated and has revealed pK a shifts of up to 4.5 pK a units for encapsulated protonated amines 34 and has allowed for the observation and quantification of hydrogen bond breaking followed by nitrogen inversion/rotation of encapsulated protonated diamines. 35 The thermodynamic stabilization of protonated guests and has been further exploited for the catalytic hydrolysis of orthoformates and acetals in 1. 17, 36, 37 Herein we expand upon our initial report of the scope of acetal hydrolysis in 1 to include a detailed study of the mechanism of this reaction. 
Results and Discussion
Acetals are a common protecting group for ketones and aldehydes in organic hours, 87 -95% conversion, 79 -92% isolated yield) (Scheme 1). With the intention of better understanding how the catalysis in 1 occurs, we investigated the mechanism of the process. The acetal 2,2-dimethoxypropane (2) was chosen as a substrate due to its convenient water solubility and the solubility of both of the hydrolysis products (acetone and methanol). 44 As reported in our initial communication, 2 is quickly hydrolyzed by 1 but the hydrolysis can be inhibited by the addition of a strongly binding guest such as In order to further elucidate the mechanism of catalysis, the overall rate law was determined. Working under the saturation conditions described above, kinetic analysis of the rate dependence on [H + ] and [1] revealed that the reaction was first-order in both of these reaction partners ( Figure 6 ). In order to further characterize the rate-limiting step, the activation parameters and solvent isotope effect for the k cat step were determined. In free solution, the acidcatalyzed hydrolysis of acetals generally proceeds through an A-1 mechanism in which the substrate is in fast pre-equilibrium with its protonated analogue and decomposition of the latter species is rate-limiting. 47 Analysis of the kinetic data suggests that acetal hydrolysis in 1 proceeds through an A-2 mechanism in which the protonation of the substrate is reversible and attack of water is rate limiting. The entropy of activation of -9 cal mol -1 K -1 is similar to but slightly more negative than the -5 cal mol -1 K -1 observed for hydrolysis of triethylorthoformate in 1 which was determined to proceed through an A-S E 2 mechanism. 51 Based on the kinetic studies of acetal hydrolysis in 1, a proposed catalytic cycle for the hydrolysis reaction is shown in Figure 9 . The neutral acetal substrate enters 1 to generate the resting state of the catalytic cycle at which point the substrate can be protonated by transiently encapsulated H 3 O + and then attacked by water in the ratelimiting step. We suggest that after protonation of the encapsulated substrate the resultant water molecule generated acts as a nucleophile inside the assembly although it is also possible that, despite the hydrophobic interior of 1, other water molecules are present in the interior cavity that could attack the protonated substrate. It should be noted that following this initial rate-limiting hydrolysis step, any of the remaining steps of the reaction can be either acid or base catalyzed, so is not possible to determine whether they take place inside 1 or in bulk solution after ejection following the rate-limiting step. Proposed mechanism for acetal hydrolysis using 1 as a catalyst.
It is noteworthy that the mechanisms of acetal hydrolysis in 1 and the orthoformate hydrolysis studied earlier proceed through different rate-limiting steps. The intracavity orthoformate hydrolysis proceeds through an A-S E 2 mechanism in which proton transfer from the acid to the substrate is the rate limiting step. This is in contrast to the rate limiting attack of solvent on encapsulated protonated acetals. The observed difference in mechanism is consistent with the difference in basicities of acetals and orthoformates as acetals are estimated to be approximately two pK a units more basic than orthoformates.
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Rate Accelerations
In order to compare the rate difference between the catalyzed and the uncatalyzed reaction, the k cat rate constants from Michaelis-Menten studies were compared to the rate The K M values, assuming a fast substrate encapsulation pre-equilibrium, can be interpreted as a dissociation constant for the bound acetal since the guest ejection is much faster than the rate constant k cat for conversion of the encapsulated substrate to product.
As expected, the more water soluble 4 has a lower affinity for the interior of 1 . Further information on the rate-limiting step of the reaction using activation parameters and solvent isotope effects suggest that hydrolysis in 1 changes the mechanism of acetal hydrolysis from an A-1 mechanism to an A-2 mechanism.
Experimental
General Procedures. All NMR spectra were obtained using an AV-500 MHz spectrometer at the indicated frequency. General Procedure for Kinetics Runs. In an N 2 -filled glovebox, 1 was weighed into a 20mL scintillation vial at which point H 2 O buffered to the desired pH and an internal standard (DMSO) were added. The stock solution was divided into NMR tubes in 500μL
aliquots. All kinetic runs with 1 were performed in the probe by allowing the NMR tube to equilibrate at the desired temperature for 10 minutes at which point the tube was ejected, the substrate injected to the tube, and the tube reinserted into the NMR instrument. Initial rates were measured for the first 5 -10% of the reaction and were determined by integration of the 1 H NMR resonances corresponding to the products of the reaction. Both the methanol and ketone/aldehyde products were integrated, except in the solvent isotope studies, in which case only methanol formation was followed due to the possibility of H/D exchange of the acetone product at basic pH. All MichaelisMenten kinetic data were fit directly to the Michaelis-Menten equation using non-linear least squares refinement.
